Introduction
In southern Nigeria, especially in areas underlain by sedimentary formations, groundwater is usually present in abundance. This is partly because of the prevalent equatorial climate that fosters abundant rainfall and hence ensures adequate aquifer recharge, coupled with the availability of suitable aquifers and impervious sediments that favour the storage of the recharging water. Despite its abundance, groundwater may still be unusable when its quality is considerably degraded by chemical and bacteriological contamination that results predominantly from the impact of man on his environment. Apart from the influence of man, considerable alteration in water quality attributed to its residence history often results. A close assessment therefore of the chemical and bacteriological constituents of groundwater is often necessary for effective monitoring of its quality status. Several such studies have been conducted within the sedimentary formations of southern Nigeria (Etu-Efuotor, 1981; Ezeigho, 1987; Amadi et al., 1989; Edet, 1993; Ajayi and Umoh, 1998; Akpoborie et al., 2000; Olobaniyi and Owoyemi, 2004 ) .
In Agbor area, groundwater constitutes the predominant source of water for domestic use. This is partly because of the paucity of surface water, and the pollution of the few available ones due to indiscriminate disposal of solid and liquid wastes. This paper assesses the physico-chemical and bacteriological aspects of groundwater quality in Agbor and its environs and discusses its suitability for domestic, agricultural and industrial purposes. It also examines the prevalent hydrochemical facies with emphasis on the underlying hydrogeochemical processes. Fig. 1 ). It has a population in excess of 240,000 people and is located along a major route connecting southeastern and northwestern Nigeria. Consequently, it is a flourishing center of trade and agriculture.
Location of study area and geology
The physiography of the area shows two topographic highs separated by a valley. Within the valley is River Asimiri, which flows in a southwest-northeast direction (Fig. 1) . The area lies within the subequatorial climate, with annual rainfall over 2000mm, long wet season (about 8 months), high humidity and atmospheric temperature of between 24 -27 0 C (Iloeje, 1981) , which supports the rainforest-type vegetation.
The study area is underlain by the Miocene -Recent Benin Formation. This formation previously recognized as the Coastal Plain Sands (Tattam, 1943; Simpson, 1954) stretches over a considerable portion of the coastal region of Nigeria, adjacent to the Deltaic Plain Sediments. The formation generally consists of unconsolidated and friable sandy beds, with intercalations of gravely units and clay lenses. It has been reported to contain good aquifers (Oteze, 1981; Offodile, 1992) that are probably the most prolific water producers in southern Nigeria.
Within the area, the Benin Formation is capped by lateritic soil in the first few metres (Fig. 2) , followed by fine grained sand that varies in thickness from 9 to 58 metres. Underlying these, is a sequence of medium to coarse grained sand with several horizons of intercalated discontinuous 2-have respective concentration values ranging from 1.0 to 10.0 mg/l, 0.1 to 0.9 mg/l, 3.2 to 24.0mg/l, 0.0 to 10.3 mg/l, 0.0 to 18.4 mg/l and 0.0 to 2.4 mg/ l. The bacteriological constituents of the water samples include Total aerobic bacteria counts (5 -535cfu/ml) and Total coliform (10 -70MPN/100ml). A comparison of these results with various quality guidelines, suggests that the groundwater may be suitable in its untreated state for crop irrigation, but will require pH remediation and microbial disinfection to upgrade its quality for potability and use in food processing industries.
Factor analysis reveals three main hydrogeochemical activities operative within the groundwater system. Factor 1 is dominant and can be related to water-soil interaction and incorporation of leached formation water along the groundwater flow path. Factor 2 is related to pollution by biochemical related substances resulting from agricultural practices in the area. Factor80 lenses of clay. The medium to coarse grained sandy beds constitute the main aquifer tapped in the area. Groundwater occurs at a depth generally greater than 60 metres, predominantly under unconfined conditions. Deductions from groundwater level contouring shows that River Asimiri (the main river that drains the area) is partly recharged from the aquifer (Fig. 3) .
Methods of investigation
Water samples were obtained from 32 boreholes, distributed within Agbor and environs. Of these, 10 representative boreholes were sampled for bacteriological investigation. Logging during drilling operations was carried out on 6 boreholes to determine their lithologic profiles, characteristics and sequence within the study area. This was accompanied by a laboratory grain size analysis of collected drill cutting samples. From the lithological logs, a geologic fence diagram for the study area was constructed (Fig. 2) . Water level depths were determined in each borehole using the water level meter, while topographic elevation was measured at each sample points with a Garmin model 72 GPS. With these information, the groundwater level contour map (Fig. 3 ) of the area was constructed. At each borehole site, the well was pumped for 5 minutes to ensure obtaining fresh water samples. For chemical analysis, replicate water samples were collected into clean 1 litre plastic cans from each sampling point, one of which was stabilized (with acid) for metal concentration determination. For bacteriological investigation, water samples were collected into sterilized 1 litre plastic cans. These samples were kept in ice bags before being transported to the laboratory for analysis.
Analytical procedures for physical, chemical and bacteriological parameters are generally in accordance with the specifications of American Public Health Association (1985) . Unstable parameters such as electrical conductivity (EC), pH and temperature were measured in-situ on the field. The TDS contents of the water samples were 
Results and interpretation

Water quality
The results of physical, chemical and bacteriological parameters analyzed for the 32 water samples are presented in Tables 1, 2 and 3 respectively. A statistical summary of these parameters is given in Table 4 , while evaluation and interpretations are presented in the following sections. 
Physico-chemical parameters
The chemistry of the groundwater generally indicates low dissolved solute and hence low salinity as reflected by low values of TDS and EC in the range of 7.6 to 80.6 mg/l and 15.9 to 162.1 µs/cm respectively. This low TDS status (<100 mg/l) permits the classification of groundwater in the study area as freshwater (Davis and DeWiest, 1966) .
Measured pH values range from 4 to 6.8, reflecting the general mildly acidic status of groundwater reported within Delta State have concentration values ranging from 0.9 to 18.9 mg/l, 0.1 to 4.2mg/l, 1.2 to 12.8 mg/l, 0.2 to 3.5 mg/l, 0.08 to 1.92, 
Bacteriological quality
The result of the bacteriological composition of the water samples is presented in Table 3 . The Total aerobic bacteria counts values range between 5 cfu/ml to 536 cfu/ml while Total coliform counts have values from 10 MPN/100ml to 70 MPN/100ml. The presence of aerobic bacteria may not pose a significant health threat, because they could be derived from many sources including, saprophylitic microorganisms growing on decaying plant matter. It may however, suggest that the water supply facilities (boreholes) have deteriorated significantly in quality, thus allowing the ingress of such micro-organisms. The occurrence of coliforms in excess of WHO (1996) guideline for potability (Table 4 ), suggests that the water sources might be contaminated with pathogenic microorganisms of faecal origin. An assessment of the relationship between the microbial load and groundwater level depth is shown in Fig. 4 . This diagram indicates that neither Total aerobic bacteria counts nor Total coliform counts show direct correlation with water depth. This implies that the microbial population encountered in each of the boreholes may be more related to the sanitary habits of the users. Other plausible reasons may be the entrance of contaminated surface run-offs during heavy downpours or contamination from nearby soak-away pits and/or damaged septic tanks.
Water usability
Water quality requirements for different purposes differ; hence standards have been developed to appraise water usability for the various purposes. Water is used predominantly for domestic, agricultural and industrial purposes.
Domestic use
The criteria for water potability are defined by Davis and DeWeist (1966) to include, the absence of objectionable tastes, odours, colour and substances of adverse health effects. A quantitative measure of these criteria is stipulated by WHO (1993 and 1996) .
A comparison of the ionic and bacteriological components of groundwater in the Agbor area with these standards (Table 4) shows that the water samples generally possess pH values lower than the WHO mandatory lower limit of 6.5 for drinking water and higher than required microbial load. These two factors significantly degrade its quality for domestic use. Remediation such as, lime treatment and sand filtration to upgrade the pH, and chlorine disinfection to reduce the microbial load, are suggested to improve its quality. However, the low total hardness values recorded in the samples (<50mg/l), indicate that the water is soft (Sawyer and McCarthy, 1967) and will be suitable for laundry purposes.
Agricultural use
Water finds use in agriculture in two major ways; namely, livestock feeding and plant irrigation. While specific quality requirements for individual animal may vary slightly, the non-conformity of the pH and microbial population to the WHO (1993 and 1996) indicates non-suitability for livestock feeding unless treated.
The suitability of water for use in farm irrigation is guided by such criteria as, TDS < 1000 mg/l and a Fig. 4 . Plot of groundwater depth versus microbial load in boreholes reasonably low (< 10) sodium adsorption ration (SAR) values for the water (Davis and DeWiest, 1966; Driscoll, 1986; Mandel and Shiftan, 1991) . Alkali hazard in soils is promoted by water of high SAR value but could be reverted by water containing high proportion of Ca and Mg (Hem, 1984) . A high SAR value in water implies a high probability of Na + entering into cation exchangeable sites in soils, replacing Ca 2+ or Mg
2+
. This invariably damages the soil structure and reduces fertility. The result of this investigation reveals that the values of TDS, EC and SAR in groundwater within the study area are < 100 mg/l, < 200 µs/cm and < 1.5 respectively (Table 4) . These therefore indicate low salinity sodium (alkali) hazards hence of excellent irrigation qualities (Richards, 1954) .
Industrial use
The quality guideline for industrial waters is given by the American Water Works Association (1971) . These include for most industries: taste and odour (none -low), TDS (50 -1,500 mg/l), total hardness as CaCO 3 (0-250 mg/l), pH (6.5-8.3), chlorides (20-250 mg/l), iron (0.1-1.0 mg/l) and manganese (0-0.5 mg/l). For food processing industries, the absence of pathogenic micro-organisms is a requirement. Groundwater from the study area lacks taste and odour and has mean values of TDS (21.94 mg/l), total hardness (16.08 mg/l), pH (5.22), chlorides (7.73 mg/l), iron (0.19 mg/l) and manganese (0.03 mg/l). The mean concentrations of Total aerobic bacteria counts and Total coliform counts are 135.5 cfu/ml and 35.4 MPN/100ml respectively. A comparison of these results with the quality guidelines shows that groundwater in the study area would be suitable for use in most industries after treatment for pH. Microbial disinfection is however required, to upgrade its quality for food processing industries.
Chemical facies
The chemical affinity of water is expressed as its chemical facies. Such characterization provides clues in assessing the evolutionary history of groundwater. The major cationic and anionic constitutions expressed in milliequivalent percent are plotted on the Piper's trilinearer diagram (Piper, 1944) to delineate the water types present in the area (Fig.  5) . The result indicates dominant chloride water types and localized occurrences of the bicarbonate water types.
Chloride water types
The chloride type facies encountered vary from Ca-Cl to Ca-Mg-Cl to Mg-Ca-Cl to Na-Ca-Cl and NaCl. These facies reflect water-rock interaction, and the incorporation of flushed saline formation water within the Benin Formation that underlie the study area. The many varieties of the facie encountered, suggests that this process may have been accompanied by varying degrees of base exchange, between water and the geological medium. 
Bicarbonate water types
The bicarbonate facies encountered are Na-HCO 3 and NaCa-HCO 3 . These facies represent fresh recharge. Surface water charged with atmospheric and biogenic CO 2 infiltrates the subsurface and dissolves cations such as Ca by Na + and results in the formation of Na-Ca-HCO 3 water facies. According to Tijani (1994) and Tijani et al (2002) 
Hydrogeochemical evolution
As groundwater moves along its flow path, several processes including mineral dissolution, leaching and precipitation take place. The overall effect of these is usually an increase in the content of dissolved solids and the major ions. Several factors including, the nature of lithology that constitutes the medium of groundwater flow, quality of recharge water and the water resident time, among others determine the prevalent hydrogeochemical processes that will take place in groundwater. In order to evaluate which of these processes are dominant in the groundwater of the study area, factor analysis has been employed.
Factor analysis
The effectiveness of factor analysis in hydrochemical investigations has been aptly demonstrated in several studies (Lawrence and Upchurch, 1983; Briz-Kishore and Murali, 1992; Sabbarao et. al., 1996; Olobaniyi and Owoyemi, 2006) . Factor analysis is based on the assumption that, some underlying factors (processes) which are smaller in number than the number of observed variables, are responsible for the covariation among observed variables. Thus a set of factors is created in a simple structure to find the main factors or processes responsible for the ionic enrichment of groundwater in the study area.
The result of the multivariate statistical analysis indicates three factors, which account for 84.87% of the variance in the data set (Table 5) (Adams et al., 2001) . Agriculture is the major occupation of the inhabitants of the study area and the AmmoniumPolyphosphate -Potassium (NPK) mixed fertilizers is the major soil nutrient supplement used to ensure adequate agricultural yield. This soil additive subsequently finds its way into the aquifer through dissolution and transportation by recharging water.
Factor 3 explains 19.35% of the total variance and consists of CO 3 2-, HCO 3 -and pH. This factor produces the bicarbonate water type that represents areas of fresh groundwater recharge and limited migratory history. The 'recent' nature of the water is corroborated by the poor loading value of TDS (0.055) on this factor.
Summary and conclusions
The results described above indicates groundwater of low TDS and pH. These attributes are typical of tropical regions of high rainfall and abundant flora (Rose et al., 1979) . The abundant rainfall (> 2000mm) experienced yearly in the study area, ensures a continuous leaching of the sediments thereby reducing its soluble components with time. This, in addition to the significant dilution of groundwater resulting from abundant recharge by precipitation, and rapid circulation of water through the soil because of the high permeability and slopy landscape, probably account for the low solute concentration of groundwater in the study area.
The water types encountered in the study area include the bicarbonate types Na-HCO 3 and Na-Ca-HCO 3 and more prominently chloride facies of several cationic associations namely; CaCl 2 , Ca-Mg-Cl, Mg-Ca-Cl, Na-Ca-Cl and NaCl. While the bicarbonate type indicates areas of recent water recharge with base exchange processes, the chloride type suggests water-rock interaction and dissolution of formation water, accompanied by some cation exchange activities. Studies of groundwater chemistry in areas with contrasting topography have revealed that the chemical facies of groundwater could also be influenced by topographic setting (Raji and Alagbe, 2000; Adams et al, 2001) . In topographic highs (hills and upslope areas) that represent areas of recharge, bicarbonate water accompanied by low TDS can be dominant. Middle slope locations often contain significant bicarbonate-chloride water. In downslope areas (valleys and plains) where groundwater is relatively static, sulphate-chloride facies with concomitant increase in TDS values are often noticed. Although considerable topographic contrasts occur in Agbor area, this study does not reveal such contrasts in the groundwater chemistry. This may imply that the influence of this factor is minimal in the study area and/or it is effectively masked by the activities of other factors.
Deductions from this study, indicate that the groundwater is generally suitable for crop irrigation. Nevertheless, appropriate pH remediation and microbial disinfection are needed to upgrade its quality for industrial and domestic use. Inferences from factor analysis (Factor 2) suggest an on-set of the aquifer contamination from agricultural related activities. This may intensify with the further use of nitrogen-rich fertilizers, such as NPK, that ensures adequate agricultural yield. Although the nitrate level in groundwater is still within the WHO acceptable limits, the possibility of a rise in its concentration is a potential cause for concern. Nitrate pollution of groundwater arising from long-term use of nitrogen fertilizers has been widely reported (Burkart and Kolpin, 1993) . The environmental health effects in such districts are, a drastic rise in cancer mortality in adults (Mandel and Shiftan, 1991) and Methemoglobinemia (blue baby syndrome) in infants (Johnson et al., 1987) . Reduction in nitrogen-rich fertilizer applications to the minimum needed or the use of alternative slow-release fertilizers may help reverse this pollution trend (Montgomery, 1992) .
